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Tyrosine phosphorylation in DNA damage and cell death in hypoxic
injury to LLC-PK1 cells. Hypoxia is classically considered to result in a
necrotic form of cell injury. We have recently demonstrated a role of
endonuclease activation, considered a feature of apoptosis, in DNA
damage and cell death in chemical hypoxic injury to renal tubular
epithelial cells (LLC-PK1 cells). Tyrosine phosphorylation has been
implicated to be involved in cell signaling pathway leading to cell growth,
proliferation, and apoptotic death. However, a role of tyrosine phosphor-
ylation as a signal transduction pathway involved in DNA damage and cell
death has not been previously examined in hypoxic injury in any tissue. In
the present study, we have demonstrated that chemical hypoxia with a
combination of antimycin A, a mitochondrial respiration inhibitor, and
substrate deprivation resulted in rapid increase in protein tyrosine kinases
activity and protein tyrosine phosphorylation prior to any evidence of cell
death in LLC-PK1 cells. The inhibitors of protein tyrosine kinases,
genistein, lavendustin A, tyrphostin, and herbimycin A provided a marked
protection against chemical hypoxia-induced DNA damage (as measured
by alkaline unwinding assay) and cell death (as measured by tiypan blue
exclusion assay). In a separate study, we confirmed the ability of the
inhibitors, lavendustin A and herbimycin A to prevent chemical hypoxia-
induced increase in protein tyrosine kinases activity and protein tyrosine
phosphorylation. In addition, the inhibitors used did not affect ATP
depletion induced by antimycin A, suggesting that the inhibitors do not
alter cellular uptake of antimycin A. Taken together, our data provide a
strong evidence that tyrosine phosphorylation plays an important role in
DNA damage and cell death in chemical hypoxic injury to renal tubular
epithelial cells.
Ischemia/reperfusion in vivo and hypoxia/reoxygenation in vitro
are classically considered to result in a necrotic form of cell death
in which there is rapid collapse of internal homeostasis of the cell
associated with membrane lysis and inflammation [1, 2]. In
contrast, apoptosis is considered to be operationally, morpholog-
ically and biochemically distinct from necrotic cell death, and is a
process in which the cell actively participates in its own demise.
Endogenous endonuclease activation, resulting in the cleavage of
host chromatin into oligonucleosome-length DNA fragments, has
been considered a characteristic biochemical marker for apoptosis
[1, 21.
Several recent in vivo studies suggest that there is endonuclease
activation in ischemic injury. For example, DNA fragmentation in
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the kidney cortex was detected 12 hours after reperfusion injury
[3]. Other recently reported studies support the role of endonu-
clease activation in ischemia/reperfusion injury [4—7]. In our own
recent studies, we have demonstrated that endonuclease activa-
tion is an early event responsible for the DNA damage and cell
death in hypoxia/reoxygenation injury to rat renal proximal tu-
bules [8] and chemical hypoxia to cultured renal tubular epithelial
cells (LLC-PK1 cells) [9, 10].
The mechanism(s) responsible for endonuclease activation in
chemical hypoxic injury to LLC-PK1 cells is not known. Tyrosine
phosphorylation has been shown to be involved in the regulation
of protooncogenes responsible for apoptotic form of cell death
and function of a variety of proteins, and thus plays a role in
signaling pathways that lead to cell growth, proliferation, and
apoptotic death [11—13]. A role of tyrosine phosphorylation has
been recently studied in apoptotic form of cell death in response
to a variety of stimuli [14—24]. However, there is no information
of a role of tyrosine phosphorylation in DNA damage and cell
death induced by hypoxic injury in any tissue. Thus, the present
study was undertaken to study a role of protein tyrosine phos-
phorylation as one of the cellular mechanisms leading to DNA
damage and cell death in hypoxic injury to LLC-PK1 cells.
Methods
Cell culture
LLC-PK1 cells obtained from the American Type Culture
Collection (Rockville, MD, USA) were cultured as in our previous
studies [9, 10]. They were grown in 75 cm2 culture flasks or 60
mm2 dishes containing Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% heat-inactivated fetal calf
serum, 2 mtvt L-glutamine, 20 mat N-[2-hydroxyethyl]-piperazine
N'-[2-ethanesulfonic acid] (Hepes) and 2 mat non-essential amino
acids. Cultures were maintained in a humidified incubator gassed
with 5% C02—95% air at 37°C and fed at intervals of 48 to 72
hours.
Induction of chemical hypoxia
Chemical hypoxia was induced using a combination of a mito-
chondrial electron transport inhibitor, antimycin A and glucose
deprivation (glucose-free DMEM) as previously described [9, 10,
25]. In brief, after confluency, LLC-PK1 cells were rinsed with
DMEM without serum, glutamine, pyruvate, non-essential amino
acids or glucose, containing 3.7 g/liter NaHCO3 and 20 mat Hepes
at pH 7.4, and then the cells were incubated in the same
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glucose-free DMEM either with or without antimycin A (10 jiM)
for different time intervals as indicated. The dose of antimycin A
used in the study was based on our previous studies [9, 101.
Preparation of protein extract
At the end of each experiment, the medium was removed and
the cells were lysed in 600 jil of lysis buffer (50 mM Tris-HCI pH
7.2, 150 ifiM NaCI, 80 m'vi NaF, 5 m'vi EDTA, 5 mrvi EGTA, 0.1%
Triton X-100, 1 m sodium orthovanadate, 1 mr'vi PMSF and 50
jig/mi leupeptin). The cells were lysed at 4°C for 10 minutes, then
collected by cold scraper and homogenized. The lysate was
centrifuged at 14,000 g for 10 minutes. An aliquot of the lysate was
used to measure the protein concentration of each sample using
Bio-Rad protein assay kit, and the remaining lysate was kept at
—70°C until use for analysis.
Protein lyrosine kinase assay
Activity of protein tyrosine kinases was measured using Gibco
BRL protein tyrosine kinase assay kit (Gibco Life Technology
Inc., Gaitherburg, MD, USA) according to the manufacturer's
instructions. The protein extract of LLC-PK1 cells (20 jig) was
incubated with a synthetic substrate peptide, RR-SRC (0.5 mM),
which was specific for protein tyrosine kinases in a total volume of
20 pA of the reaction mixture containing 30 mrvi Hepes (pH 7.4), 10
mM MgC12, 0.1 m Dlii', 0.02 ifiM EDTA, 25 jig/mI BSA, 0.07mM
sodium orthovanadate, 0.06 mivi ATP and 2 jiCi [y32P1 ATP
(Amersham) at 30°C for 30 minutes. The reaction was stopped by
the addition of 20 pA of ice cold 10% trichloroacetic acid,
incubated on ice for at least 10 minutes and centrifuged at 14,000
g for 10 minutes. An aliquot of the supernatant was applied to a
piece of phosphocellulose paper. The paper was then washed
three times for 4 to 5 minutes each in 1% acetic acid, placed in
scintillation fluid and counted for the radioactivity using a scintil-
lation counter.
Western immunoblot analysis
Protein extract (20 jig) from each sample was resolved on 18%
SDS-PAGE. The protein was transferred to a nitrocellulose
membrane at 30 V for one to two hours using transfer buffer
containing 1 m sodium orthovanadate. Then the membrane was
blocked with 5% BSA in phosphate buffer saline (PBS) containing
1% Tween-20 for one hour at room temperature. The membrane
was probed with 0.2 jig/mI (final concentration) of antiphospho-
tyrosine antibody (4G10; Upstate Biotechnology Inc.) for one
hour in the presence of the same blocking buffer. The membrane
was washed three times for 10 minutes each in PBS containing
0.3% Tween-20 and then incubated with the secondary antibody
using antimouse immunoglobulin at 1:5000 dilution for one hour,
followed by washing as described above. The tyrosine phosphor-
ylated proteins on the membrane were detected using ECL
detection kit (Amersham) followed by exposure to X-ray film
according to the manufacturer's instructions. Protein molecular
weight markers were also run on each gel as a standard.
Determination of DNA damage
The residual double-strand DNA was measured by the alkaline
unwinding assay and determination of ethidium bromide fluores-
cence according to the method of Birnboim and Jevcak [26] as
utilized in our previous study [9, 10, 27]. Ethidium bromide
fluorescence was measured at 520 nm excitation and 590 nm
emission using a fluorescence spectrophotometer (PTI; Photon
Technology International Co., South Brunswick, NJ, USA). Un-
der the conditions employed, ethidium bromide binds preferen-
tially to double-strand DNA. The % double-strand DNA (D) was
determined by the equation: %D = 100 X [F(P) — F(B)1/[F(T) —
F(B)1, where F(P) is the sample fluorescence, F(T) is the total
fluorescence prior to alkaline treatment, and F(B) is the back-
ground fluorescence that was obtained from sonicated, alkaline-
treated DNA, a condition under which the DNA was completely
unwound and represented the fluorescence due to all components
other than double-strand DNA.
Determination of cell injury
Cell viability was determined using trypan blue exclusion as
previously described [9, 10, 27].
Measurement of cellular A TP
Cellular ATP was measured by luciferin/luciferase assay as
previously described [251.
Experimental protocols
To determine the role of tyrosine phosphorylation in DNA
damage and cell death induced by chemical hypoxic injury to
LLC-PK1 cells, cells were preincubated with specific tyrosine
kinase inhibitors such as genistein, herbimycin A, lavendustin A,
and tyrphostin in glucose-free DMEM 60 minutes prior to the
induction of chemical hypoxia with antimycin A (10 jiM) and
substrate deprivation except that herbimycin A was preincubated
for 24 hours in normal medium. The doses of the inhibitors of
protein tyrosine kinases used in the study was based on the
information from previous studies [28—31]. Antimycin A and the
inhibitors of protein tyrosine kinases were dissolved in DMSO
(final concentration, 0.1%). The control experiments were carried
out with the same concentration of DMSO as a vehicle. Based on
our previous studies [9], DNA damage as measured by the
alkaline unwinding assay was determined at 60 minutes after
induction of chemical hypoxia; cell death, as measured by Trypan
blue exclusion, was determined at 180 minutes.
Materials
The monoclonal antiphosphotyrosine antibody (4G10) was
obtained from Upstate Biotechnology Inc. (Lake Placid, NY,
USA). Molecular weight standard and ECL Western blotting kit
were purchased from Amersham Life Science Inc. (Arlington
Heights, IL, USA). Genistein, herbimycin A, lavendustin A,
tyrphostin, protein tyrosine kinase assay kit, glucose-free DMEM
and other supplements for tissue culture were purchased from
Gihco Life Technology Inc. (Gaitherburg, MD, USA). All other
reagents were obtained from Sigma Chemical Co. (St. Louis, MO,
USA).
Statistics
Results are means SF. Statistical significance was determined
by the Student's t-test. A p value less than 0.05 was considered
statistically significant.
Hagar et al: Tyrosine phospho,'ylation in hypoxia 1749
40
30
.2 E
0
e-o0
('J
10
0
01 10 20 30 40 50
Exposure to antimycin A, minutes
Fig. 1. Effect of chemical hypoxia on activity of protein tyrosine kinases in
LLC-PK1 cells. Cells were incubated with antimycin A (10 sM) for
different time points (1, 10, 20, 30, and 60 mm) prior to initiating the
protein tyrosine kinase assay. The assay was started by incubation of the
protein extracts (20 jrg) with RR-SRC (0.5 mM), a specific substrate for
protein tyrosine kinases and processed as described in the Methods
section. Results are means SE, N = 2. Each experiment was performed
in duplicate. *p < 0.02, compared to control cells (zero time point).
Results
Effect of chemical hypoxia on protein tyrosine phosphotylation in
LLC-PK1 cells
Figure 1 shows the effect of chemical hypoxia on activity of
protein tyrosine kinases using external peptide, RR-SRC, a
specific substrate for protein tyrosine kinases. Exposure of LLC-
PK1 cells to antimycin A (10 ILM) resulted in enhanced activity of
protein tyrosine kinases as measured by the incorporation of 32P
into the specific synthetic substrate for protein tyrosine kinases,
RR-SRC. The increase in activity of protein tyrosine kinases
induced by chemical hypoxia occurred within 10 minutes after
exposure of cells to chemical hypoxia, reached the maximum at 20
to 30 minutes, and returned to the basal level after 60 minutes.
The data indicated that chemical hypoxia-induced enhanced
activity of protein tyrosine kinases occurred very early, prior to
any evidence of cell death (see below).
To determine further whether chemical hypoxia results in an
increase in tyrosine phosphorylation, we carried out an immuno-
blot analysis using monoclonal antiphosphotyrosine antibody. As
demonstrated in Figure 2, chemical hypoxia resulted in an in-
crease in tyrosine phosphorylation of several proteins. The mo-
lecular mass of tyrosine phosphorylated proteins ranged from 27
to 75 kDa. The protein tyrosine phosphorylation started 10
minutes after chemical hypoxia and persisted until 30 minutes,
then returned to baseline after 60 minutes exposure of cells to
chemical hypoxia. These data suggest that chemical hypoxia
results in enhanced protein tyrosine kinase activity and tyrosine
phosphorylation very early and prior to any evidence of cell death
(see below).
Effect of inhibition of protein lyrosine kinases on chemical
hypoxia-induced DNA strand breaks
In our previous study we have shown that antimycin A (10 xM)
caused significant DNA strand breaks in LLC-PK1 cells in a
time-dependent manner, which started at 30 minutes after expo-
sure of cells and progressively increased up to 120 minutes 191.
Based on these data, we utilized a 60-minute time point after
exposure of cells to chemical hypoxia. Although the preceding
experiments have indicated that chemical hypoxia resulted in
enhanced activity of protein tyrosine kinases and tyrosine phos-
phorylation occurred very early in LLC-PK1 cells, the role of these
cellular events in chemical hypoxia-induced DNA damage and cell
death remained unclear. We thus examined the effect of inhibition
of tyrosine phosphorylation on chemical hypoxia-induced DNA
strand breaks using inhibitors of protein tyrosine kinases. Inhibi-
tors such as genistein [28], tyrphostin [311, lavendustin A [29], and
herbimycin A [30] were used to evaluate the role of tyrosine
phosphorylation in DNA damage induced by hypoxia. As shown
in Figure 3A, genistein (100 jig/mI), a competitive inhibitor of
ATP binding to the protein kinases [281 was highly protective
against chemical hypoxia-induced DNA strand breaks (residual
double-strand DNA, 92 1%, compared to cells treated with
antimycin A alone, 66 2%; N = 4 to s, P< 0.0001). Lavendustin
A (15 jig/mI), another potent inhibitor of protein tyrosine kinases
[291 that acts by competitive inhibition of ATP binding to the
protein tyrosine kinases provided a marked protection against
chemical hypoxia-induced DNA strand breaks (residual double-
strand DNA, 87 2%, compared to cells treated with antimycin
A alone, 69 2%; N = 3 to s, P < 0.0005; Fig. 3B). We also
examined the effect of a third protein tyrosine kinase inhibitor,
tyrphostin, which competitively inhibits substrate binding to the
protein tyrosine kinases [311. Tyrphostin (50 jiM) conferred
protection against chemical hypoxia-induced DNA strand breaks
(residual double-strand DNA, 93 1%, compared to cells treated
with antimycin A alone, 66 2%; N = 3 to 5, P < 0.0001; Fig.
3C). Furthermore, herbimycin A (10 jiM), a specific protein
tyrosine kinase inhibitor [30], provided a marked protection
against DNA strand breaks induced by chemical hypoxia (residual
double-strand DNA, 89 3%, compared to cells treated with
antimycin A alone, 58 6%; N = 3 to 5, P < 0.002; Fig. 3D). We
considered the possibility that the inhibitors of protein tyrosine
kinases utilized could prevent ATP depletion induced by chemical
hypoxia thereby protecting against DNA damage. To exclude this
possibility we measured cellular ATP in cells exposed to antimycin
A (10 /.LM) for 60 minutes with or without pretreatment of the
inhibitors. Under this condition, cellular ATP declined from
31.0 0.05 to 1.5 0.05 nmol/mg protein in cells treated with
antimycin A alone (N = 2). There was no difference in cellular
ATP level between cells exposed to antimycin A alone and those
pretreated with herbimycin A (1.5 0.05), lavendustin A (1.4
0.05), genistein (1.2 0) or tyrphostin (1.2 0 nmol/mg protein,N = 2), suggesting that the inhibitors do not alter the uptake of
antimycin A by the cells. Taken together, these data suggest that
inhibition of protein tyrosine kinases provide a marked protection
against chemical hypoxia-induced DNA damage in LLC-PK1 cells.
Effect of inhibition of protein lyrosine kinases on chemical
hypoxia-induced cell death
The role of protein tyrosine phosphorylation in chemical hy-
poxia-induced cell death was studied next. In our previous studies
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Fig. 2. Effect of chemical hypoxia on protein
tyrosine phosphotylation in LLC-PK, cells. Cells
were preincubated with antimycin A (10 ILM)
for different time points (1, 10, 20, 30, and 60
mm). At the end of each incubation, cells were
lysed and protein extract (20 /.Lg) from each
sample was subjected to SDS-PAGE and
immunoblot with an antiphosphotyrosine
antibody as described in the Methods section.
Shown are: (1) control, (2) one minute
antimycin A, (3) 10 minutes antimycin A, (4) 20
minutes antimycin A, (5) 30 minutes antimycin
A, (6) 60 minutes antimycin A.
Fig. 3. Effect of inhibitors of protein tyrosine
kinases on chemical hypoxia-induced DNA strand
breaks in LLC-PK1 cells. A. Genistein (100 xgJ
ml). Results are means SE, N = 4 to 5, P <
0.0001, compared to cells exposed to antimycin
A alone. B. Lavendustin A (15 jig/mI), N 3
to 5, P < 0.0005, compared to cells exposed to
antimycin A alone. C. Tyrphostin (50 jiM), N =
3 to 5, P < 0.0001, compared to cells exposed
to antimycin A alone. D. Herbimycin A (10
tIM), N = 3 to 5, *P < 0.002. Cells were
preincubated with inhibitors of protein tyrosine
kinases, genistein, lavendustin A or tyrphostin
for 60 minutes or herbimycin A for 24 hours
prior to induction of chemical hypoxia with
antimycin A (10 jiM) for 60 minutes. DNA
damage was determined by the alkaline
unwinding assay.
[91, we demonstrated that chemical hypoxia with antimycin A and
glucose deprivation results in a significant cell death in LLC-PK1
cells at 120 and 180 minutes after exposure to antimycin A. Thus,
a 180 minutes time point after exposure of cells to chemical
hypoxia was utilized. As shown in Figure 4A, genistein (100
jxg/ml) provided a partial but significant protection against anti-
mycin A-induced cell death as measured by trypan blue exclusion
(antimycin A alone, 34 1% vs. antimycin A + genistein, 25
1%; N = 7, P < 0.001). Lavendustin A (15 .tg!ml) provided a
marked protection against antimycin A-induced cell death (anti-
mycin A alone, 42 3% vs. antimycin A + lavendustin A, 22
2%; N = 7, P < 0.0001; Fig. 4B). Tyrphostin (50 jxM) was
preventive against cell death induced by chemical hypoxia to
LLC-PK1 cells (antimycin A alone, 36 2% vs. antimycin A +
tyrphostin, 20 1%; N 6, P < 0.0001; Fig. 4C). Similarly,
herbimycin A (10 xM) abrogated antimycin A-induced cell death
(antimycin A alone, 40 3%, vs. antimycin A + tyrphostin, 21
2%; N = 5, P < 0.0003). We confirmed that the inhibitors used
did not alter the uptake of trypan blue dye by the cells (data not
shown). Taken together, these data suggest that inhibition of
protein tyrosine kinases protects against chemical hypoxia-in-
duced cell death in LLC-PK1 cells.
In a separate study, we examined the ability of inhibitors
of protein tyrosine kinases to suppress chemical hypoxia-induced
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Fig. 5. Effect of inhibitors of protein tyrosine kinases on increase in protein
tyrosine kinase activity in LLC-PKJ cells subjected to chemical hypoxia. Cells
were preincubated with inhibitors of protein tyrosine kinases, herbimycin
A, for 24 hours or, lavcndustin A, for 60 minutes prior to addition of
antimycin A (10 jssl) for 20 minutes. The protein extracts (20 jsg) were
incubated with RR.SRC (0.5 mM), a specific substrate for protein tyrosine
kinases as described in the Methods section. Results are means so, N =
2, each experiment was performed in duplicate, *p < 0.003, compared to
cells exposed to antimycin A alone.
protein tyrosine phosphorylation. As shown in Figure 5, two
protein tyrosine kinase inhibitors, herbimycin A and lavendustin
A, prevented the increase in activity of protein tyrosine kinases
II
Fig. 4. Effct of inhibitors of protein lyrosine
kinases on chemical hypoxia-induced cell death in
LLC-PK1 cells. A. Genistein (100 jig/mI).
Results are means SE, N = 7, *p < 0.001,
compared to cells exposed to antimycin A
alone. B. Lavendustin A (15 jig/mI), N = 7,
*p < 0.0001, compared to cells exposed to
antimycin A alone. C. Tyrphostin (50 jiM), N =
6, *P < 0.0001, compared to cells exposed to
antimycin A alone. D. Herbimycin A (10 jiM),
N = 5, p < 0.0003. Cells were preincubated
with protein tyrosine kinase inhibitors,
genistein, lavendustin A or tyrphostin, for 60
minutes or herbimycin A for 24 hours prior to
induction of chemical hypoxia with antimycin A
(10 jiM) for 180 minutes. The cell viability was
measured by Trypan blue exclusion.
induced by antimycin A as reflected by the decrease in 32P
incorporation in the RR-SRC peptide. As shown in Figure 6,
herbimycin A (panel A) and lavendustin A (panel B) were able to
abrogate the increase in protein tyrosine phosphorylation induced
by antimycin A as measured by immunohiot analysis using an-
tiphosphotyrosine antibody.
Taken together, these data provide strong evidence for the
importance of protein tyrosine phosphorylation in chemical hy-
poxia-induced DNA damage and cell death in LLC-PK1 cells.
Discussion
Tyrosine phosphorylation plays an important role in cell signal
transduction, and in control of normal and neoptastic cell growth
and proliferation [11—131. A role of tyrosine phosphorylation has
been recently studied in apoptotic form of ccli death in response
to a variety of stimuli. For example, inhibition of protein tyrosine
kinase activity has been shown to prevent apoptosis in hemato-
poietic cells in response to a variety of stimuli such as anti-CD3
antibody [17], tumor necrosis factor [18], irradiation [24], Fas [19],
and dexamethasone [201. By contrast, inhibition of protein ty-
rosine kinase activity enhances apoptotic mode of cell injury in
thymocytes [14] and in Molt-4 cells [151. In a cell type other than
hematopoietic cells, inhibition of protein tyrosine kinase activity
has been shown to prevent apoptosis induced by taxol, an
antineoplastic agent in ovarian tumor cells [211.
Inhibition of protein tyrosine phosphatases has been shown to
result in tyrosine phosphorylation in B cells but not T cells and
thus has variable effects on apoptosis [16], indicating that signal
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hypoxic injury to LLC-PK1 cells. In the present study, we have
2 3 shown that chemical hypoxia resulted in a rapid activation of
protein tyrosine kinases and enhanced tyrosine phosphorylation
in LLC-PK1 cells prior to any evidence of cell death. Several
specific inhibitors of protein tyrosine kinases that act through
different mechanisms provided a similar and marked protection
against chemical hypoxia-induced DNA damage as well as cell
death. These inhibitors of protein tyrosine kinases, in fact, pro-
vided a significant inhibition of tyrosine phosphorylation induced
by chemical hypoxia, and did not alter the cellular uptake of
antimycin A. Taken together, these data provide a strong evidence
that tyrosine phosphorylation plays an important role in DNA
damage and cell death following chemical hypoxic injury to renal
tubular epithelial cells. Tyrosine phosphorylation has been sug-
gested to play a role in the regulation of protein function [11—131.
Our data suggest that endonuclease activity can be modulated by
either direct tyrosine phosphorylation or indirectly by phosphor-
ylation of other proteins.
Although we did not examine the mechanism(s) by which
chemical hypoxia enhances protein tyrosine phosphorylation,
potential mechanisms could be alteration of tyrosine phosphoty-
lation induced by reactive oxygen metabolites [32—341, which have
been shown to be enhanced in hypoxic injury [10, 35], protein
kinase C-dependent signaling pathway [361, or modulation of
protooncogenes [13, 23]. Future studies of which proteins are
phosphorylated by chemical hypoxia and the balance between
protein tyrosine kinases and protein tyrosine phosphatases could
lead to a better understanding of the mechanisms by which
hypoxia triggers DNA damage and cell death.
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Fig. 6. Effect of inhibitors of protein lyrosine kinases on chemical hypoxia-
induced increase in protein tyrosine phosphoiylation. A. Herbimycin A: (1)
control, (2) 20 minutes antimycin A, (3) herbimycin A (10 .rM) +
antimycin A. B. Lavendustin A: (1) control, (2) 20 minutes antimycin A,
(3) lavendustin A (15 j.rg/ml) + antimycin A. Cells were preincubated with
inhibitors of protein tyrosine kinases, herbimycin A for 24 hours or
lavendustin A for 60 minutes prior to induction of chemical hypoxia with
antimycin A (10 /LM) for 20 minutes. The cells were lysed and protein
extract (20 /sg) from each sample was subjected to SDS-PAGE and
immunobloted with an antiphosphotyrosine antibody as described in the
Methods section.
pathways may vary with cell types. In addition, overexpression of
FAP1, a protein tyrosinc phosphatase, prevents apoptosis in T
cells [23] whereas overexpression of CD45 tyrosine phosphatase
in T cells enhances apoptosis [22]. Taken together, these data
suggest that tyrosine phosphorylation plays an important role in
the cell signaling pathways that lead to cell death and, the mode
of regulation in signal transduction by protein phosphoiylation
depends on cell type and stimuli.
Although a role of tyrosine phosphorylation has been examined
in apoptotic form of cell death, there is no information about a
role of tyrosine phosphorylation in any cells subjected to hypoxic
injury. We have recently shown the importance of endonuclease
activation, generally associated with apoptosis, in hypoxic injury
[8—10]. We thus examined the role of tyrosine phosphorylation in
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